Fat embolism syndrome is the most common form of non-thrombotic embolism and often described by presence of fat globules blocking small vessels in lung, skin or brain. The classical triad of fat embolism syndrome is respiratory manifestations, neurological signs and symptoms and petechial rash. Almost all neurological deficits are transient and fully reversible. Early diagnosis and supportive therapy is crucial for management of FES to decrease mortality and morbidity. We present a case of fat embolism syndrome due to multiple fractures recovered with neurological sequelae.
Introduction
Fat embolism was first defined by Zenker [1] as fat droplets in pulmonary vascular beds in an autopsy of patient after crush injury and in 1873, von Bergmann [2] described fat embolism syndrome as a clinical syndrome in a patient with femur fracture. Fat embolism is the most common form of nonthrombotic embolism and often described by the presence of fat globules blocking small vessels in lung, skin or brain. It is caused by many conditions especially trauma or surgery of long bones and pelvis. Many patients who have fat emboli are often asymptomatic and only a small percentage of patients have symptoms such as dyspnea, altered mental status and petechiae. This clinical situation is defined as fat embolism syndrome and can be lethal with an overall mortality of 5%-15% [3] . We present a case of fat embolism syndrome due to multiple fractures with neurological sequelae
Case Report
A 20 year old male patient with no significant past medical history was admitted to the emergency service after a traffic accident. When he was admitted, he had multiple orthopedic injuries and no signs of craniocerebral injury. He had complete fractures of bilateral femur, left tibia and fibula fractures, right fibula fracture, split fracture of metatarsal of right foot. At admission, patient was alert and Glasgow coma scale score was 15, blood pressure was 140/90 mm Hg and neurological examination was normal. After 12 hours of admission, sudden deterioration in consciousness was noticed which was accompanied by generalized tonic clonic seizures and soon followed by dyspnea. Re-evaluated Glasgow coma scale score was 6 (E1V1M4). No abnormality was noted in chest X-ray, however, thoracic computed tomography (CT) angiography revealed focal patchy infiltrates on bilateral upper lobes and superior segments of lower lobes of lungs without any evidence of thromboembolism. Cranial magnetic resonance imaging (MRI) of patient revealed multiple foci with reduced diffusion on brain stem, bilateral cerebral and cerebellar hemispheres, basal ganglia, centrum semiovale and white matter. On cranial CT imaging of patient, there were low density areas on both cerebral hemispheres, basal ganglia and brain stem [ Fig.1 ]. Preoperative arterial blood gas analysis showed pH: 7.39, pO 2 : 58.8, pCO 2 : 26.4, HCO 3 : 17.8 (with 2 L/min nasal oxygen support). Patient was taken to the operation for the transient fixation surgery. External fixations were made to bilateral femur, left tibia and left humerus and open reduction was made to right foot lisfranc fracture. After the operation, there was no improvement in the patient's status. Subsequently, patient was intubated and transferred to the internal medicine intensive care unit with the diagnosis of traffic accident, multiple bone fractures and fat embolism syndrome and mechanical ventilation was initiated. Petechiae also appeared on the anterior chest wall and axillary regions. Patient's situation was evaluated as cerebral fat embolism syndrome after cranial MRI and neurological consultation in addition to findings such as respiratory deterioration and wide spread petechiae on the upper part of body. Supportive treatment was started in the ICU. One unit of red blood cell (RBC) transfusion for decreased hemoglobin level and 3 units of fresh frozen plasma (FFP) were given for mild prolongation of prothrombin time (PT). High dose corticosteroids and albumin were also given to the patient for the fat embolism syndrome. Daily consultations with related specialties were made. After 1 month of admission, corrective orthopedic operation was made and patient was weaned off from mechanical ventilation. Gradually improvement in patient's neurological status was noted and physiotherapy was started.
Discussion
Fat embolism syndrome classically presents 24-72 hours after the injury and it occurs rarely as early as 12 hours or as much as 2 weeks later [4] . The classical triad of fat embolism are respiratory changes [5] (variable severity of symptoms such as dyspnea, tachypnea, hypoxemia etc. but a number of cases may progress to respiratory failure), neurological signs and symptoms [6, 7] (a spectrum from mild confusion to severe seizures but fortunately, almost all neurological deficits are transient and fully reversible) and petechial rash [8] (due to embolization of small dermal capillaries causing extravasation of erythrocytes and especially seen in oral mucous membranes, conjunctiva and skin folds of upper body especially neck and axilla). Less frequent symptoms and signs such as pyrexia, myocardial depression, coagulation abnormalities, retinal and renal changes can be seen in the course of syndrome [3, 9] . The diagnosis of fat embolism syndrome is usually based on clinical findings but some biochemical changes may aid to diagnosis. The mostly accepted guidelines for the diagnosis of fat embolism syndrome is proposed by Gurd and Wilson which require at least one major or four minor criteria (Table 1 ) [10] . Some other criteria's for diagnosis of fat embolism syndrome have been proposed recently such as Schonfeld's criteria [11] and Lindeque's criteria [12] .
Fat embolism syndrome is fat in the circulation associated with an identifiable clinical pattern of symptoms and signs [3] . Classical triad of fat embolism syndrome can also be seen in other critical illnesses and diagnosis of fat embolism syndrome is often made by exclusion. The presentation of fat embolism syndrome can vary from mild to fulminant lethal form. Fulminant fat embolism syndrome is caused by sudden intravascular obstruction of pulmonary vasculature by fat globules and leading to right heart failure, shock and also death within the first 1-12 hours of injury and milder forms of fat embolism syndrome may go undetected clinically [13, 14] .
FES is associated with trauma to long bones or pelvis or surgical trauma in 90% of patients and in 5% of cases; it has an atraumatic cause (e.g. none marrow transplantation, pancreatitis, sickle cell disease, high dose corticosteroids) [15] . Rare causes of FES include hepatic trauma, liposuction, lipectomy, external cardiac compression, gas gangrene, decompression sickness and lipid infusions [15, 16] . Pinney SJ et al. [17] reported a FES rate of only 4% in a study of 274 consecutive patients with isolated femoral shaft fractures. The present patient had multiple long bone fractures which is the most common cause of fat embolism syndrome. The risk of fat embolism syndrome after bilateral femur fractures is higher than isolated long-bone fractures [18] . In our case, he had multiple long bone fractures.
The fat embolism syndrome is characterized by an asymptomatic period of 12-72 hours (commonly 36 hours, although up to 6 days has been described) following bony injury or manipulation of the fracture site, and a symptomatic period which includes respiratory effects (95%), cerebral effects (60%) and petechiae (33%) [19] . In the present case; there was a 12 hour asymptomatic period and respiratory (hypoxia) and cerebral symptoms (deterioration in consciousness, seizure) developed after 12 hours of trauma and petechiae developed after 24 hours of trauma.
Capillaries especially on venous side are affected mainly in the FES. Hence, the lung is the most commonly affected organ in the fat embolism syndrome. However, the fat globules and chylomicrons gain access to the systemic circulation and can also affect heart, brain, skin and retina [20] . There are several explanations for this such as passing of deformed fat globules through pulmonary capillaries [21] , pulmonary A-V malformations [22] , patent foramen ovale and re-opening of closed patent foramen ovale [23] . In the present case, patient's ECHO was normal and the other mechanisms except for cardiac causes might play role. Fat embolism syndrome is a clinical diagnosis of exclusion. No pathognomonic test will confirm the diagnosis of FES but routine blood investigations may show a decrease in Hg and hematocrit, thrombocytopenia and features of disseminated intravascular coagulation (DIC) [19] . In our patient, thrombocytopenia, mild form of DIC, hypoxia with hypocarbia and respiratory alkalosis was seen. CT brain may be normal, or with minimal brain edema, or diffuse white matter petechial hemorrhages [3] . In the present case, brain CT was normal. In diffusionweighted MRI; multiple infarcts could be seen in patients with FES [24, 25] . In our patient, there was multiple foci with reduced diffusion on brain stem, cerebral and cerebellar hemispheres. CT scans of chest wall are usually normal but generalized pulmonary interstitial or alveolar opacifications may develop [26] . In our case, there was focal patchy infiltrates on both upper lobes and superior segments of lower lobes of lungs.
There is no specific therapy for the fat embolism syndrome. Supportive therapy such as maintenance of adequate oxygenation, normal blood levels, hydration and prevention of complications are the mainstay of therapy. In the present case, all of the supportive measures were made such as RBC transfusion for decreased Hg levels, FFP transfusion for a mild DIC, and mechanical ventilation for respiratory failure. Intravenous albumin and high dose corticosteroid therapy were given to the patient. According to the literature, albumin and corticosteroids have some beneficial effects on patient outcomes [6, 22, 24] . Another key step in the management of fat embolism syndrome is the early fixation of fractures within 24 hours [27] . In a study by Pinney SJ et al. [17] , 60 patients who underwent surgery within 10 hours of injury, none of the patients was diagnosed as FES. In the present case, patient was taken to the operation for early surgical fixation after 12 hours of trauma. The timing of early stabilization of fractures may be important for prevention of fat embolism syndrome.
Severe neurological impairment in a trauma patient without initial major head injury may be due to FES. Cerebral fat embolism should always be suspected in these patients especially with long bone fractures. Cerebral dysfunction associated with FES are usually reversible in the majority of reports in the literature [28] [29] [30] . In our patient, neurological impairment was not fully recovered. Some sequelae such as difficulty in speech, impairment in short term memory have been observed after 3 months of therapy.
In conclusion, early diagnosis and supportive therapy are crucial for management of FES to decrease mortality and morbidity. FES is a clinical diagnosis of suspicion so it should be suspected in all trauma patients especially with long bone fractures accompanied by neurological and respiratory impairments.
